- 1252 - FERATRERF012F 12 AE3£F 128 Chin J Epidemiol, December 2012, Vol. 33,No, 12

EiET B P RIR N E R TR
it Jo BB 5T

#EONF HEA

[WE) B8 THRLEHISREMRRES B EESFET OO ERRFE T MR A5 %
RETHER, FEk BELHG2001451 A 1BE200845F 12831 BEE BRI AR
B RIER RS RIS, ARSI RS R N K Y EEREeRRE
B HREEHSBSBEEEAETE . COEERRET RAMREERFRT- B2 AR
R LEETOHEHEEARE LCOEERRTE TR ESAERATENEE A IE.
BRI AR ERE I dFRER . 4dERBHE. FE14-30d. BN BERAEHWN,
ISR, 2 d BTSN . &t BEMKEMELRITERSHITLMN
fER E &, FrrE B By, B EE0N MHF G e R TRl

[%@i7) TR; E&EHFET; LB RGHRR; TRALSSER: FREINHEHR

Distributed lag effects in the relationship between daily mean temperature and mortality in
Shanghai ZHANG jing', LIV Xue',KAN Hai-dong'*”. 1 School of Public Health and Key Laboratory of
Public Health Safety of the Ministry of Education , Fudan University, Shanghai 200032, China; 2 Fudan
Tyndall Center,Shanghai; 3 Key Laboratory of Climate and Health of Shanghai

Corresponding author : KAN Hai-dong , Email : haidongkan@gmail.com

This work was supported by grams from the Gong-Yi Program of China Ministry of Environmental
Protection (No. 201209008) , and the Open Funds of Key Laboratory of Climate and Health of Shanghai
{No. QXJK201208).

[Abstract] Objective To study the impact of daily mean temperature on mortality in
Shanghai. Methods With data on daily mortality, meteorological and air pollution, we used a
distributed lag nonlinear model (DLNM) 1o assess the effects of daily mean temperature on deaths
{caused by non-accidental, cardiovascular and respiratory) adjusted for both secular, seasonal trends
and other confounders. Results A J-shaped relationship was found consistently between daily mean
temperature and non-accidental, cardiovascular and respiratory deaths in Shanghai. Cold effects were
delayed by 1 day to 4 days and persisted for 14-30 days. Hot effects appeared acute and the highest at
the first day, but lasted for 2 days and followed by mortality displacement. Conclusion [n Shanghai,
both cold and hot temperatures increased the risk of mortality with delayed effects. Cold effects
seemed last longer than heat did.
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1. BERLR IR :

(DERFCTHRE AR FETEE R &S
BAGIWE200141H1 22008412831 B
B ER AT R, e A SR E bR
¥ 375 b 7E 4 65 (2001 4 ICD-9 <<800; 2002 — 2008
£ ICD-10: A00 ~ R99) #4714t 3T, IR t.Co M B o
¥ (ICD-9: 390 ~ 459; ICD-10: 100 ~ 199) F1 I} 1§, &
S5 5% (ICD-9:460 ~ 519;ICD-10:J00-J98) {IFET-
RBIHT AR, POt h S TR B
DR,

QRRGRY LW KB LETK 64
(I 0 %58 L AR X) KR53
B 72 BT AR R BHE | T8 IR B PM,, . NO,., SO, . O,
# H 3 (pg/m®) o B _E M T SRR I o0
A,

(B)RESHFek: i LT R R RFB R
H SR H A E

(DIREFRYR : 268 H WRBHITE BB
NEAHHT. R4 : O B HKIBHIA N2 BRTR ¥ H
EERBENRERG, HERTRFERR P&
2R HHRB S HBRMASE &
SR RV IRE (apparent temperature, AT) | 4 /&%
1R & (perceived temperature, PT) . #448 %¢ (HD) % iR
BEtR PR EAT th s, RI A HRIB 2 AR FliFE T3
DIELFHIFEAR "

(2)DLNM B# : RES R SH . KRG
PRt R R g Sy [, HE HET AR
TR, AR A A0 , IR R
#1 5 DLNM M 45 & 20 47 B 318 B X 5E = R I,
HEARK:

log[E(Yt)] = a+ T+ 2, uX. + NS(time, ,df = 4)
i=1
+ NS(rh, ,df = 3) + D w; (strata,)

KRPYIMEH ¢ BRI T-ASGE(Y,)MEH 1 4 KH
BIFET- ARG o055 7., i DLNM 5 2B 5 | KR
FESERE ;B0 T B BRI BUR 2R 50 1 e KB &
KRG 30 d5 X, 0 7 AR B 7= He 2k 1 82 o () £ R AT
BWEH ¢ YRBUE R KIS RYRES v, B4
AP BETERE NS BRAY FHEZRE

(natural cubic spline) ; time, WRZX B ¢ Xt hj i i} &) A%
B ;rh R H ¢ XTRE A H B HXHBEE 5w, MEAS & 7]
B R ; strata, SR BFERHASENER B
BWiEE . AMEES, ATABEEN. AfG%
Ni%%,

KRB, A 75 B ¥ W (Akaike
information criterion, AIC ) ¥ B 25 B #HT B2 35
SE BRI REUA S B RH S B B i,
AICHE/N, AL A MET, LA S B B R, 3
FFRB-FETRNI 51T . ARHE AIC B/NEN, #aE
PM,0.NO,.SO, 1 0; 335 AR, S35 486 3CEk"
B AICAE, B e B el 48 & H M e A B
A B B BRI 4 03, BRI S 9 B 250
415,

AR R2.12.1 BRAH#HTET07, AR
KRNI, L P<0.05 HERASLIHEEX.

£ R

1. RS HER 2001 4E 1 A 1 H & 20084F 12
A 31 H,WEH¥m2921 d, F#ErT B WIEESME
1012221 A, H A0 B 5% 46.87 A PRI R GE50%
13.67 Ao [FHARSI5H4) PM,0. SO NO, f1 O % ¥
H 3#¥{E 53514 96.73.,50.09.,64.73 1 65.36 pg/m’, <,
1R AN A X BE Y B $B4E 551k 17.69 °CF171.37%
(F1),

F1 2001-2008F Wi ER AT . B A KSHELEY
ES&#HR(n=2921)

*BB*;_R ; is min st Pso P7s max
HIET-AM
EZSh 122.21 23.05 51.00 105.00 118.00 136.00 201.00

LB 46.87 12.14 11.00 3800 4500 54.00 100.00
MRARGLER 1367 603 200 900 1200 17.00 45.00
REBRYHHE

PM,o(ug/m’) 96.73 57.80 1150 55.17 82.60 121.20 566.83
SO, (pg/m’) 50.09 2730 8.00 2967 4480 64.20 189.40
NO(g/m’) 6473 24.17 1280 4840 61.33 77.83 253.67
Os(ng/m®) 6536 3763 525 37.56 5800 857125125
K&

BHSE(T) 1769 883 -3.10 1020 1853 2508 34.10

B SR (%) 71.37 1176 31.00 6400 72.00 80.00 97.00
T s Pos P  Prs 53 BI04 25,5075 B 43 B2 3 min 9B /ME
max AR KE

2. REHER SRS RHERE T KR .
X5 4 Fis R Wik B 2 6] (AR e v 28 e it
FE N (P<0.05), K5 PM,.S0,.NO, Z [d] & fi
K%, r 85 3-0.194,-0.297.-0.378; 5 O, Z 6] &
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1E M55, r=0.463; #3118 F 5 PM,,. S0, NO, M1 O;
B r (B 43 25 -0.318 . —0.475 ,-0.225 F1-0.299. 15 HA
Bi#E SIEFAE , PM.. SO, FINO W B A PR, O
KERAEBEY EEHTREE, 4F AR
Yo vk B B HERT FEAE . 4R AR IS RBIERE NO. A1 O3
FR G RER R HARPAZ AR EHEXEER
(F2),

F2 LETAHSKLAEXRSHBXRIERYM
Pearson A X %L
farg KB HTEE PM, 50, NO. O,

H5# 1000 0.17%  -0.194 -027% -0378  0.463°
FENHEE 1.000 -0318 -0475 -0225 -0.299°
PMu 1000 0637 0.728° 0.165
S0, 1.000 0702 Q.02
NO; 1.000  0.000
Oy 1.000

. P<0.05

3. DLNM#l &

(1) SR 5 i) ) B 3SR H JE TRy
#2001 —2008 fE BB SEHERIEES LM
O 5 0 R IR W12 28 45 % 9 FE T2 BHE 4T DLNM AR A
& B SR BEE A 30 d, WEE S — A E B 4
0 ERIEEIETHFEMERECE M EE, 8
PR F SRS =" (E 1), AR 1R,
BRAKRYS IR RN R, SR EHE
RIEZES 0 B R AR R R RRIE LR
F B AR, AFET. RN Bk , R IkxT
FET-RIBLRIERE /S 3~ 5 d ERGE , BE W S wF (E] )
K, BB AR AR B TR

(2)# )5 30 d RSB A FLT- 50 BB 8
& 2 1] 1. 2001 — 2008 4 g Hi X SR XHFE T80
M A I | IR IR SR Ee At (m B | I i TR B80T
BaeatE s . ERAPFET O BB AE TR
W R GEHRATE T AN B ISR M B R
24.7.26.7F123.0 C,

(3)3 CHI30 CAFUREE X FET- N L E
¥ 2001 — 2008 E H A B P, (3 T Py
(30 °C )4 o {K IR %0 1 Fn PR 57 (v R B AR R, 2
30 dF A BRI (B 3) . RBEXTIERESN O MEER
FONER R G pR AT IR AR 1 d RT3, &Y
4 EBRFER TR TR, B/ B RRE T
FO#E R RN E 14 ~ 20 d IR BB, MR IR RSN
FET-HE SR RIS R . TERE S5 4 KRR O B R
T T R N B, R AR RS HIPE IR R R e
e, HE 3N, BB FETARR A M KR,

292 d/5 T W, SRR B RMOREN . SRS KIF
IR, A GBI B - R B R, R R AR AN FET X
LM FIRFE TR B

(4)ARTE WS RT3 MFET- B BB R
# DLNM B AR R # G % B IEE S O
ERRRPRARERE T RBERAN (R,
0~21d¥ S REMEESFLOERERFRT R
R, B AR BEREK 1 CRRTEIE M 2.009%
2.75%, MR RGERRIET O ~ 30 dF BN, IR
FEG MR | CRTBUE M 2.65%. 3FhFET-AYERRL
BITEO ~2 AR, IREEAE 1 €3N
T-HENN 1.64% , .0 ML 5 75 FE 138 01 2.04% , PRI 5%
SR HEN 2.00%,

£3 ARIMEE AR 3T BRE

e RESAHEMME L CRTORNE 8%, 95%CD)

(d) &5 CHERR  REGER

BEUY 0~2  045(-0.01,092) 049(-007,1.05) 039(-026,1.04)
0~7 L171(140,2.02¢  222(1.83,261 093(0.16,1.70)
0~14 194(163,225  249(2.06.292r 163(0.77,2.49F
0-21 2.00(1.66,233F  2.75(2.27,3.23F 199(1.04,293r
0~30 1.85(148,222y  2.66(2.14,3.18F 265(1.67,3.64)

PR 0~2  1.64(126,201  204(1.48,2.61F 2.00(1.00,2.99)
0~7 010(-0.79,1.00) 1.65(0.32,298¢ 0.81(-047,2.10)
0~ 14 —231(~4.65,003) -1.96(-5.73,1.82) 0.22(-1.54,197)
0~21 -0.67(-3.16,1.82) —3.06(-5.05,193) 1.38(-2.07,4.84)
0~30 0.12(-398,422) 2.11(-5.66,988) 1.56(-4.25,7.38)

e P<0.05; TS O MR R REERAETHRER
{543 5% 24.7.26.7#123.0 C

b

W

KERER, FiRUR SRR RERILT,
THEERBMLELR ", HRLERHE, SR
AUE YR, B2 R HBREZR XA
FET-H K, HER, BNAMEE B RSl
Jo BB (distributed lag model, DLM) 1 & - [F]
JA R R ZEAT AT, (H DLM A e HE R A R e
ARXTFET-MERY . DLNM Z37E &R —F A
Forr ARG SBX TR HEERANFIE, T
BB IELHEER AR R B R RS S, LI =
HE I BV BB A JE P AR TR R

EFFEEE LR,

1. SEMIFET-HER LR CEFE
HABEERTHXR, SB-ETRHETEREE
U.VHIE., ST TS AR R
B, 4R R AR, AR S RN AER
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K, ABR-FT- R ERUEY, £EAMH,IE
SE-FEr-Emmg i 8™, mEIniEAR
PR, i FWE R E B E MR, KB-FET- %
MERERIES, YASMMAR ML RE
A, T il 2% BN A RS 4y, e AT SR -FE TSR il
KEFEAVE,

AR KA DLNMAER L B iR A5
B-FET ML 2 I, ERGEME RS SEMIL T
FYIAE, 8 BB O MR R AR R A5 R
FET- LB R AR 5 09 H 3 SURBEE S 1 24.7 T
26.7 CA123.0 °C, BAKIRRN 32 B IR A B 1 A A [a]
Ko GuoF P REXMBER S B-FET- MR
Ul EE LRI MK SB-ET-lEE V.U
B, ERAMRERESIBITET- RN A KifdE
BHERME - SEME T EREREE S
AR AR, B 5K LHZBRE A DER
WEE SRERAE TERE T ARESHESR
el Ry g A M kb S PR AR LA BRI, RN
A B Bl R

2. RBHE IS X FET AR 00 BF 5 UE BH S K EB 4
H X, SRy 4 87 7 R 3, PRRE ORI , ¥ R
HESERTRIREK , A O B ARG BN . Anderson
M Bell "FIAEE 107 MK 14 ERBIRE TR
SN ERBENPMN BMAEY KRG 14,
B F RSB H BRFERE S 0 ~ 25 do Martin 51745
AR S TR EEE AR B E R AR K
AR RXELE AR AT EZERG2~3
B SIS E A E AR, A [E X B R
HHEBERHZETR . Kin S W HHTEL, HRA30d
HERRNERE MXAER". B2, ARHKX
AR B BB T- R BT 2 % A
REKER,

A S IR T B T8O W e A B R (R E
H0-~304, R BERFBGEHET-HENRES
1 dFFIRTHR 4 AABIB RIS FE0R T 4, Reskm 14K
K. WEWITRA0 -~ 7 dfE ¥ FahatiaE, B &
ERRAR R ., ENMIRERESRGT LM
BRI RLE 5 2RI, B BB H
B2 EHER . AR ERESMHEREFLL
M BERHEFET BRIAEO ~ 21 AR SRR, h LA
SR i AR T B Om R A L N R BR A, M
X B RGP A R, SRR RGEER
FET-RNITEO ~ 30 B G i, RIS RS RMA
HAEENAMERE, Bk mE 245 38 UL fuig in

REBRAYLS, i FHAREK, LT A0
20N MFBERBROIFEH . SEMAERS O
IE R R AIER R R OBHA AN B

“BCHRARL ", R FFERnd [ B I SRR, 7R
BURER . W24 TR, ARG IR TSR A
BERFET- KU,

25 AR, 2001 —2008 & _F¥#T H SR
dE BB RIEES O MR TR RS ERAR
FET-AKGERAEE | ~ 2 AR SR, RIRAHEE S
MO MESFRLT-HIRE N 14 ~21 4, WFRIR £
YKL T BB IS B >30 do I ASURTRAS BT, 1
AR 48 1 B AR A B 3 o5 T R I A B B R L AR
HESmERaE.
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